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Abstract 
Reducing the level of noise emission is an important requirement in modern propulsion and 
power generation. This requires gaining a deeper understanding of the underlying physics and 
identifying the key parameters dominating noise generation in modern combustion technologies. 
Thus, this paper investigates the effect of several working parameters on moderate or intense low 
oxygen dilution (MILD) combustion noise. A finite volume solver, GRI-Mech 2.11 with 247 
reactions and 49 species, k- RNG turbulence model as well as the EDC model are used to 
develop a computational model of the reactive flow, while the volume fraction and time scale 
constants are set to 3 and 1, respectively. After validating the numerical method by comparison 
with the experimental data, MILD combustion is simulated under various conditions to study the 
noise emission. The results show that modifying the inlet conditions such as changes in species 
mass fractions, inlet temperature, and inlet Reynolds number alter the acoustic power level 
through variations in heat release. 
Keywords: MILD combustion, noise simulation, direct combustion noise. 
Nomenclature 
Symbols  *
iY  fine-scale species mass fraction 
after reacting over the time *  
 
A pre-exponential factor  Yi mass fraction of species  
[A]  molar concentration of substance A   Z mixture fraction 
                                                          
* Corresponding author: rkamali@shirazu.ac.ir 
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[B] molar concentration of substances B Greek letters 
a0 speed of sound  model constant 
C

 volume fraction constant  coefficient of thermal expansion 
C

 time scale constant ε rate of dissipation of turbulence 
energy  
D diffusion tensor i eddy viscosity, Pa.s 
Ea activation energy λ thermal conductivity 
k turbulence kinetic energy v kinematic viscosity, m2/s 
 
l length scales 
m partial order in [A]  
n partial order in [B]  density, kg/m3 
N total number of fluid phase chemical 
species present in the system 
ττ 
stress tensor 
 
Pref reference acoustic power Abbreviations 
R  gas constant  CFD Computational fluid dynamics 
Ri net rate of production of species i by 
chemical reaction 
EDC Eddy dissipation concept 
Si rate of creation source FVM Finite volume method 
T temperature, K GRI-
Mech 
Detailed reaction mechanism  
ui velocity component in the 
corresponding direction 
JHC Jet-flame-in-hot-coflow  
ut turbulence velocity MILD Moderate or intense low oxygen 
dilution  
  RNG Re-Normalization Group 
 
1- Introduction 
Moderate or intense low-oxygen dilution (MILD) combustion is a clean and efficient energy 
conversion technology. MILD combustion has attracted significant interest in recent years due to 
its high thermal efficiency, low pollutant emissions and homogenized temperature in the 
combustion chamber. This technology is a promising option for practical applications and a 
significanat amount of research effort has been already devoted to further understand various 
aspects of MILD combustion. For instance, Parente et al. [1-5] conducted a series of studies on 
reactive flows pertinent to MILD combustion. Mousavi et al. [6-9] examined MILD (flameless 
oxidation) regime under various working conditions such as angled injection and reported that 
angled injection leads to an increase in turbulence intensity and reduces the emission of air 
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pollutants. Khalil et al. [10] evaluated the flameless regime criteria based on exhaust gas 
recirculation and mixing using computational fluid dynamics. They found that reduction in the 
air jet diameter by 50% increase recirculation ratio by 100%. The role of radicals on MILD 
combustion inception was studied by Doan and Swaminathan [11] through using direct 
numerical simulation (DNS) . Tian et al. [12] applied MILD condition to a co-axial-jet I-shaped 
recuperative radiant tube for further performance enhancement. Xie et al. [13] designed a novel 
burner to improve MILD combustion performance. These authors showed that injecting pure 
oxygen and an inert gas separately into the furnace leads to more uniform temperature 
distribution and lower NOx emission. Shu et al. [14] investigated NO formation in MILD 
combustion of a CH4 jet flame in hot oxidizer co-flow (JHC) diluted by N2, H2O, and CO2, 
respectively. Their results showed that the mass fractions of OH, H and O could be varied 
substantially when the diluent change from N2 to H2O or CO2. 
Along with the problems of pollutant emissions and combustion efficiency, the mechanisms of 
noise emission in a reactive process is being studied. This is because a profound understanding 
of these phenomena is an essential necessity for describing the overall noise generation and 
emission in various applications [15]. In general, combustion noise is categorized to direct and 
indirect noise. Direct combustion noise is caused by unsteady heat release resulting from the 
interactions between chemical reactions and turbulence interactions and various instabilities of 
fluid dynamic, acoustic and chemical origin. Indirect combustion noise, however, is emitted by 
acceleration of density (entropy) waves in the exit nozzle of the combustor [16]. An excellent 
review of various unsteady phenomena in reactive gas systems and their relevance to sound 
generation is provided by Toong [17]. In recent years, many researchers have dealt with this 
issue [18-22]. The followings provide a brief overview of the recent studies in this area.  
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Kings and Bake [23] investigated the noise emission in a nozzle caused by accelerated vorticity 
waves. It is found the vortex noise is related to the amount of the injected air by a quadratic 
dependency. Dowling and Mahmoudi [16] reviewed the experimental, theoretical and numerical 
investigations of combustion noise. Their work included the direct and indirect sources of 
combustion noise. Ullrich and Sattelmayer [24] examined the basic effects of direct and indirect 
combustion noise generation numerically. They evaluated the coupling behavior between 
acoustic, entropy and vorticity waves and the fluctuating heat release in terms of frequency-
dependent transfer functions. It was found that the impact of the indirect noise on the total noise 
increases with the mean flow acceleration and in the low-frequency regime. Jacobs and Tinney 
[25] developed a theoretical reactive flow model to investigate the effects of ieal gas assumption 
on aeroacoustics over a range of equivalence ratios. It was shown that the area ratio required for 
fully expanded flow is more sensitive to gas properties rather than changes in the ratio of 
temperature. The indirect combustion noise generation with compositional inhomogeneities 
examined theoretically by Magri et al. [26] who found that the compositional noise is dependent 
on the local mixture composition and can exceed entropy noise for fuel-lean conditions and 
supercritical nozzle flows. The choked laboratory scale combustor noise emission mechanisms 
were studied by Kings et al. [27] experimentally and numerically. They evaluated the acoustic 
and entropy fluctuations at the combustion chamber outlet for different operation conditions to 
estimate the direct and indirect combustion noise contributions. Ferand et al. [28] described the 
methodology combining CFD methods and analytical models used for the prevision of 
combustion noise. They showed that their results in terms of spectral repartition and acoustic 
level. Langella et al. [29] numerically predicted the noise emission of a low Mach number 
premixed combustion in an open environment. They computed the level of far field sound 
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pressure and its power spectral density for various equivalence ratios and turbulence levels. 
O’Brien et al. [30] studied noise generation in a dual swirl combustion chamber with a 
converging-diverging nozzle. They represented a test case for probing the physics behind both 
direct and indirect combustion noise. The combustion noise of turbulent flames is investigated by 
Ullrich et al. [31] using linearized Navier–Stokes equations and large eddy simulation 
methodology. The results revealed that the noise emission of combustion process is mainly 
related to the heat release spectrum rather than by the aerodynamic combustor flow field. 
Lackhove et al. [32] presented a numerical approach which exploits the different scales prevalent 
in combustion systems by computing the flow field and acoustics separately and coupling both 
simulations in real time. They showed that the presented methodology requires up to 10 times 
less computational effort while being able to deliver results significantly faster than a 
compressible LES. Ihme et al. [33] examined relative contributions of different noise source 
mechanisms and the model fidelity necessary to accurately describe their relevant physical 
processes. They performed idealized one-dimensional compact and non-compact nozzle-
analysis. The results showed that the non-compact nozzle theory is necessary to accurately 
capture phase-cancellation effects between entropy and composition noise, and the linearized 
Euler formulation is required to account for complex mode shapes of the perturbations exiting 
the combustor and entering the downstream nozzle. The entropy dispersion effects on the 
combustion noise level of a combustor and turbine outlet were studied by Mahmoudi et al [34] 
and Fattahi and co-workers [35-37]. They reported that entropy dispersion is an important factor 
to increase the level of noise emission in turbines and nozzles. Tam et al. [38] investigated the 
physical processes at the generation of combustion noise including entropy wave, acoustic wave, 
and vorticity wave. In their numerical and theoretical works, Fattahi et al. [39] investigated the 
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dispersion of entropy wave during its conversion in gas turbine combustors. In addition, many 
researchers have investigated the effects of various parameters on the level of noise emission in 
different combustion process. For example, Merk et al. [40] investigated the effects of velocity 
fluctuations of a turbulent premixed flame. Pillai and Kurose [41] analyzed the characteristics of 
noise radiation in a turbulent spray flame. Grimm et al. [42] investigated the impact of global 
equivalence ratio and thermal power variation on broadband combustion noise emission in a 
swirl-stabilized burner experimentally and numerically.  
The preceding review of literature shows that some aspects of MILD combustion have been 
already investigated in-depth. However, there is a lack of study to clarify the level of noise 
generation by this technology. To fill this gas, MILD combustion in a JHC is investigated, using 
the eddy dissipation concept (EDC) model, k- RNG turbulence model and GRI 2.11 reaction 
mechanism [43]. After ensuring the accuracy of the developed finite volume method (FVM) by 
comparing the obtained results with the existing experimental data [44], the acoustic power level 
of MILD combustion is analyzed under several conditions using broadband noise source models.  
2- Governing Equations 
The compressible form of governing equations for a reactive flow including the conservation of 
mass, momentum, energy and a transport equation for the species mass fractions can be written 
as follows: 
 
( ) 0u
t



+ =

 
(1) 
 ( )
( )
u
uu p
t

 

+ + = 

 
(2) 
 ( )
( ) ( ) :
h p
uh u p T u
t t


  
 
+ − −  =   + 
 
 
(3) 
7 
 ( )
( ) ( )i i i i
Y
uY D Y S
t



+ =   +

 
(4) 
In the above equations, i = 1, 2, …, Ns-1 is the number of species. The component ∇.(ρuu) in Eq. 
2 is defined as resulting in a column vector after application of the differential operator to the 
dyadic product ρuu. Also, the same applies to the handling of the tensor of tensions ∇ττ in Eq. 2. 
The stress tensor for a variable density flow is defined as:  
where 
 ( )( )12
T
u u=  + S  (6) 
The equation of state relates the pressure (p) to temperature (T) and density (ρ), while the 
specific gas constant R can be defined in terms of the component mass fractions Yα and molar 
masses Mα. 
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The above equations describe compressible reactive flow. However, in this work, incompressible 
CFD simulations are conducted [45]. This implies some simplifications such as gas density not 
being a function of the pressure and neglecting the effect of hydrodynamic pressure fluctuations 
on energy. Moreover, the enthalpy is defined as: 
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where 0
,f
h

 represents the standard enthalpy of formation at reference conditions for species  
and cp is the heat capacity. 
3- Turbulence Model 
 ( )132 u = −   S I  
(5) 
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In the present work, the k- RNG method is used to renormalize equations of Navier-Stokes to 
account for the effects of smaller scales of motion [46]. Its application results in a modified form 
of the -equation which accounts for the different scales of motion through changes in the 
production term. The transport equations for k and  can be written at different forms; a simple 
interpretation by neglecting the buoyancy force is: 
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Furthermore, the constants in the above equations are as follows: 
0 2 10.438,  =0.012, C 1.68,  C 1.42,  0.7194,  0.7194,  C 0.0845k      = = = = = =  
4- Broadband Noise Source Models 
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Generally, noise and acoustic energy do not have any distinct tones in turbulent flows, and they 
are continuously spread over a broad range of frequencies. To predict the noise sources, the 
broadband noise [47-50] computable from RANS equations can be utilized. This model is in 
connection with semi-empirical correlations and Lighthill's acoustic analogy [51]. Proudman 
[52], derived an equation for the power of acoustic which generated by isotropic turbulence 
without mean flow using Lighthill’s acoustic analogy and neglecting the retarded time 
difference. Then, Lilley [53] re-derived the derivation of Proudman [52]. These two derivations 
yield acoustic power due to the unit volume of isotropic turbulence as follows: 
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In terms of k and , Eq. 16 can be rewritten as: 
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in the present finite volume code, the rescaled constant 

  is set to 0.1 on the basis of the 
calibration of Sarkar and Hussaini [54]. Finally, the acoustic power can be computed as follows: 
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5- Eddy Dissipation Concept (EDC) 
In the present finite volume code, the conservation equations for chemical species are solved by 
calculating the local mass fraction of each species, Yi, from the convection-diffusion equation for 
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the ith species. The general form of conservation equations for chemical species, which solved 
for N-q species, are as follows: 
 
( ) ( )i i i i iY vY J R S
t
 

= = − + +

rr
 
)20( 
in which, the Nth mass fraction is the negative sum of the N-1 solved mass fractions. To reduce 
the numerical error, the Nth species is selected as the species with the overall largest mass 
fraction [55]. The EDC model is a concept to treat the turbulence and chemistry in flames [56, 
57]. This model is based on this assumption that the reactions occur in the fine scales which is a 
small turbulent structure by the length fraction of 
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The volume fraction of the fine scales is calculated as *3 . Furthermore, the time scale of the 
species is as follows: 
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In this work, the volume fraction constant ( C ) and time scale constant ( C ) are set to 3 and 1, 
respectively. In addition, the source term Ri for the mean species i in the conservation equation 
shown in Eq. 20 is: 
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In the above equation, the superscript * denotes the fine-scale quantities. The detailed chemical 
mechanisms can be incorporated into turbulent reactive flows by the EDC model. Also, GRI. 
2.11 reaction mechanism is used. In this mechanism, the reaction rate is calculated by 
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where A, Ea, R, m, n, [A] and [B] are the pre-exponential factor, activation energy, gas constant, 
the molar concentrations of substances. Furthermore, in order to study the flame structure in the 
JHC, the mixture fraction Z is suggested by [44] which is widely adopted to inspect non-
premixed combustion. It is due to this fact that the results are independent of the JHC structure. 
The mixture fraction is related to the mass balance of C, H and O elements and it can be 
calculated as follows [58]: 
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(25) 
where Yj and Wj are the mass fraction and atomic mass for element j, respectively and the value 
extracted from either the fuel or the oxidant is showed by subscripts 1 and 2. Using this criterion, 
the mixture fraction would be 1 and 0 in the fuel and oxidant streams, respectively.  
6- Geometry and Boundary Conditions  
Fig. 1 shows the computational domain of the current study. As shown in Fig. 1, this JHC which 
is known as Dally burner is comprised of three inlets and one outlet. The outlet radius is equal to 
210 mm and placed at the end of the JHC. Also, the inlets include a fuel inlet at the center of the 
JHC by 4.25 mm diameter, an 82 mm diameter hot co-flow inlet around the fuel inlet as well as a 
wind tunnel by 420 mm diameter, which is placed around the hot co-flow inlet. In addition, the 
JHC’s length is 500 mm. This numerical investigation is conducted in an axisymmetric 
computational domain and a mesh with 45000 cells is used after studying the grid sensitivity.  
Table 1 shows the inlet conditions for different cases at the present study and the inlet velocities, 
inlet temperatures and the mass fractions are clearly specified. According to this table, for the 
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cases (HM) of 1 to 6 the amounts of O2 and N2 are changed and the variable parameter for the 
cases HM1 and HM7-9 is the inlet temperature. In addition, the inlet fuel ratio is changed for the 
HM9 to HM12 and at the end, HM9 and HM10-12 represent the variations of inlet hot co-flow 
Reynolds number.  
7- Results and Discussions  
7.1. Validation 
In this section, the results from the finite volume code are compared with the experimental data 
[44] to validate the numerical framework. To achieve this, a comparison between the predicted 
mixture fraction and the experimental data [44] at three radial distances of 30, 60, 120 mm is 
shown in Fig. 2. As depicted by Fig. 2, there is a reasonable agreement between the mixture 
fractions (for HM1) at all positions and temperature (for HM3) obtained from the current finite 
volume code and those obtained experimentally; showing that the present numerical method is 
capable of predicting the MILD combustion behavior at various working conditions.  
7.2. Effects of inlet O2 mass fraction 
In this section, the dependency of noise emissions in MILD condition on the inlet hot co-flow 
mass fraction of O2 (HM1 to HM6) is investigated. As the mass fraction of O2 increases and the 
mass fraction of N2 decreases, the heat capacity of reactive flow decreases. Therefore, based on 
Fig. 3, the flow temperature increases. Temperature has an important role in the reaction rate and 
zone. The free radical of OH shows the reaction zone of the combustion process and it can be 
seen from Fig. 4 that increasing in the inlet mass fraction of O2 leads to a reduction in the 
thickness of the OH distribution region but the local concentration of this radical increases. 
Furthermore, it is evident from Figs. 4 and 5 that the starting point of reaction zone approaches 
the inlet nozzle with increasing the mass fraction of O2. In addition, Fig. 6a-b demonstrates that 
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the maximum amount of OH mass fraction increases with the enhancement of the inlet mass 
fraction of O2. This implies that the reaction zone has been strengthened and that the maximum 
rate of reaction increases (Fig.7). Besides, as is clear from Fig 6a, the amount of HCO radical 
increases, which means that the heat release of the combustion process increases. Moreover, the 
amount of CH2O and HO2, as indicators of heat release and activation of chemical kinetics, 
respectively, rise with the enhancement of inlet O2 concentration. Consequently, the increased 
heat release, as a direct source of noise emission in the combustion process, causes the level of 
acoustic power to increase according to Fig. 7.  
7.3. Effects of fuel temperature variations 
In this section the effects of inlet fuel temperature variations on the noise emission is 
investigated. To this end, HM1, HM7 and HM9 conditions in Table 1 are considered. Figure 8 
shows the contour of OH mass fraction for different inlet fuel temperatures, such as 300, 350, 
400, and 450 K. The increase in fuel temperature prepares the mixture for reaction in a shorter 
time. Therefore, according to Figs. 8 and 9, the starting point of the reaction zone moves toward 
the inlet nozzle slightly by increasing the inlet fuel temperature. However, given Fig. 9, it is 
evident that increasing the inlet fuel temperature leads to the reduction of mole fraction of OH 
and HCO. These two radical types show the heat release of combustion process. A decrease in 
the amount of OH and HCO radical reduces the net reaction rate in the reaction zone, which is 
clear from Fig. 9. As mentioned above, the fluctuation in heat release of combustion process is a 
direct source of noise emission. Consequently, by increasing the inlet fuel temperature, the 
acoustic power level is reduced as shown in Fig. 10. In addition, the level of acoustic power 
distribution and turbulence intensity for various inlet fuel temperatures are depicted in Fig. 10. 
From the observations, the acoustic power level is reduced by increasing the fuel temperature 
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except at the inlet region, which has a high temperature. The turbulence intensity is another 
source of noise emission. This parameter is dependent on the quality of the combustion directly. 
This means that the reduction of turbulence intensity will reduce combustion quality. Fig. 10 
demonstrates that an increase in the inlet fuel temperature reduces the turbulence intensity in the 
reaction zone. Therefore, the combustion process moves away from being complete; 
consequently, the maximum temperature of the process is reduced, and the level of acoustic 
power diminishes. 
7.4. Effects of H2 variations 
In this section, the effect of H2 to CH4 ratio on the level of acoustic power of MILD combustion 
are investigated for the conditions of Table 1 and for cases HM9 to HM12. Figure 11(a-b) shows 
the temperature and OH free radical dependency on adding H2 species as a fuel with high 
flammability. Evidently, adding H2 mass fraction leads to the reduction of temperature along the 
JHC. It should be mentioned that by getting away from the flow inlet and approaching the JHC 
outlet, the temperature differences between various cases are affected by changing the amount of 
H2 inlet mass fraction; consequently, the power acoustic level has a considerable difference at 
the outlet of the JHC. Furthermore, Fig. 12 demonstrates the OH free radical distribution for 
various fuel inlet components. It is shown that as the mass fraction of H2 increases, the starting 
point of reaction zone moves toward the inlet nozzle (Fig. 13). This is due to the increase in 
flammability of the fuel-air mixture. This helps the mixture to have more opportunity to react 
and causes the temperature to decrease throughout the JHC. In addition, Fig. 11b indicates the 
variation of OH free radical mass fraction by changing the amount of H2 inlet mass fraction. As 
seen, by increasing the H2 to CH4 ratio, the amount of OH free radical is decreased, which results 
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in reduction of released heat in the JHC. Hence, as shown in Fig. 14, the acoustic power at the 
outlet of JHC decreases. 
7.5. Reynolds number effects 
In this section, the effect of the inlet hot co-flow Reynolds number on level of acoustic power of 
MILD combustion is investigated. The simulation results for Reynolds numbers of 5000, 7500, 
10000 and 15000 (HM9 and HM13-15 in Table 1) are compared in Fig. 15, which represents the 
maximum level of acoustic power, turbulence intensity, net reaction rate, and the starting point 
of reaction zone in JHC burner. Increasing the Reynolds number causes the residence time of 
reacting flow to decrease and intensifies the instability of the flame. In addition, in terms of 
turbulence intensity, as the main factor in mixing process of fuel and oxidizer, a decreasing trend 
is observed in Fig. 15 by increasing the Reynolds number. Therefore, the combustible flow has a 
lower opportunity to go through a complete reaction process. Consequently, the combustion 
temperature is reduced and as shown in Fig. 15, the net reaction rate is decreased, and the 
starting point of reaction zones moves far from the inlet nozzle. A reduction in net reaction rate 
reduces the amount of heat release as a direct source of noise emission from combustion process. 
Finally, the level of acoustic power of MILD combustion is reduced by increasing the inlet 
Reynolds number. 
Conclusion 
In this study, the effects of several conditions on the acoustic power level of MILD combustion 
were investigated using a finite volume code. GRI-Mech 2.11 with 247 reactions and 49 species, 
k- RNG turbulence model, as well as the EDC model with the volume fraction constant and 
time scale constant which set to 3 and 1, respectively, were used. The obtained results for some 
parameters were compared with experimental data [44] which resulted in good agreement 
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between them. After that, the level of acoustic power of MILD combustion was investigated 
under the conditions of the changes in species mass fractions, inlet temperature, and inlet 
Reynolds number. The key findings are as follows: 
• Increasing in the inlet mass fraction of O2 leads to a reduction in the thickness of OH 
distribution region and moves the starting point of reaction zone toward the inlet nozzle. This 
increases the maximum amount of OH and HCO mass fractions and rate of reaction and 
following them it increases the heat release of the combustion process. As a result, increases 
in O2 mass fraction enhances the direct source of noise emission in the combustion process 
and causes the level of acoustic power to grow. 
• The increase in fuel temperature prepares the mixture for reaction in a shorter time. 
Therefore, the starting point of the reaction zone moves toward the inlet nozzle slightly, and 
OH and HCO free radicals are reduced by increasing the inlet fuel temperature. Furthermore, 
the results show that an increase in the inlet fuel temperature reduces the turbulence intensity 
in the reaction zone following a reduction of the maximum temperature of MILD 
combustion. Consequently, the acoustic power level decreases. 
• Adding H2 mass fraction leads to the reduction of temperature and OH free radical and the 
starting point of reaction zone moves toward the inlet nozzle. Hence, the acoustic power at 
the outlet of JHC decreases. 
• By increasing Reynolds number, turbulence intensity, combustion temperature and net 
reaction rate are reduced, and starting point of the reaction zones moves far from the inlet 
nozzle. Finally, the amount of heat release as a direct source of noise emission and following 
it the level of acoustic power of MILD combustion are decreased by increasing the inlet 
Reynolds number. 
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Figure 1. Schematic of present computational domain
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Figure 2. Validation of the current numerical method
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Figure 5. Effects of inlet mass fraction O2 on starting point of reaction zone 
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Figure 6. Effects of inlet mass fraction of O2 on mass fractions of a- OH, HCO and b- HO2, 
CH2O 
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Figure 7. Effects of inlet mass fraction of O2 on acoustic power level and net reaction rate.
30 
  
300 K 350 K 
  
400 K 450 K 
Figure 8. Contour of OH mass fraction in various inlet fuel temperatures 
31 
Inlet Fuel Component Temperature, K
M
o
le
F
ra
ct
io
n
o
f
H
C
O
M
o
le
F
ra
ct
io
n
o
f
O
H
N
et
R
ea
ct
io
n
R
at
e,
k
g
.m
-3
s-
1
S
ta
rt
in
g
p
io
n
t
o
f
re
ac
ti
o
n
z
o
n
e,
m
300 350 400 450
4.8E-07
5E-07
5.2E-07
5.4E-07
5.6E-07
5.8E-07
7.5
8
8.5
9
9.5
10
10.5
1.24
1.26
1.28
1.3
1.32
1.34
1.36
1.38
0.057
0.058
0.059
0.06
0.061
0.062
0.063
0.064
0.065
Mole Fraction of HCO
Mole Fraction of OH
Net Reaction Rate
Starting piont of reaction zone
 
Figure 9. Effects of inlet fuel temperature on starting point of reaction zone, mole fraction of 
HCO, OH, and net reaction rate 
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Figure 10. Effects of inlet fuel temperature on acoustic power level and turbulence intensity. 
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Figure 11. Effects of the inlet fuel ratio on a- temperature and b- mass fraction of OH.
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c d 
Figure 12. OH mass fraction for mass different inlet H2 mass fraction a- 11, b-20, c- 30, and d-50
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Figure 13. Starting point of reaction zone in various inlet mass fractions of H2.
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Fig. 14. Outlet acoustic power level at various inlet mass fractions on H2. 
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Figure 15. Effects of hot co-flow inlet Reynolds number on acoustic power level, turbulence 
intensity, starting point of reaction zone, and net reaction rate
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Table 1. Inlet components and boundary condition of the present work 
Case 
Mass fraction of 
Fuel Components 
Uin, 
m/s 
Tin, K 
Mass fraction of HOT 
CO-flow components 
Uin, m/s Tin, K 
HM1 H2=11.1, CH4=88.9 70 300 O2=3, N2=85, 
H2O=6.5, CO2=5.5 
3.2 1300 
HM2 H2=11.1, CH4=88.9 70 300 O2=6, N2=82, 
H2O=6.5, CO2=5.5 
3.2 1300 
HM3 H2=11.1, CH4=88.9 70 300 O2=9, N2=79, 
H2O=6.5, CO2=5.5 
3.2 1300 
HM4 H2=11.1, CH4=88.9 70 300 O2=12, N2=76, 
H2O=6.5, CO2=5.5 
3.2 1300 
HM5 H2=11.1, CH4=88.9 
70 300 O2=15, N2=73, 
H2O=6.5, CO2=5.5 
3.2 1300 
HM6 H2=11.1, CH4=88.9 
70 300 O2=18, N2=70, 
H2O=6.5, CO2=5.5 
3.2 1300 
HM7 H2=11.1, CH4=88.9 
70 350 O2=3, N2=85, 
H2O=6.5, CO2=5.5 
3.2 1300 
HM8 H2=11.1, CH4=88.9 70 400 
O2=3, N2=85, 
H2O=6.5, CO2=5.5 
3.2 1300 
HM9 H2=11.1, CH4=88.9 
70 450 O2=3, N2=85, 
H2O=6.5, CO2=5.5 
3.2 1300 
HM10 H2=20, CH4=85 
70 450 O2=3, N2=85, 
H2O=6.5, CO2=5.5 
3.2 1300 
HM11 H2=30, CH4=70 
70 450 O2=3, N2=85, 
H2O=6.5, CO2=5.5 
3.2 1300 
HM12 H2=50, CH4=50 
70 450 O2=3, N2=85, 
H2O=6.5, CO2=5.5 
3.2 1300 
HM13 H2=11.1, CH4=88.9 
70 450 O2=3, N2=85, 
H2O=6.5, CO2=5.5 
1.6 1300 
HM14 H2=11.1, CH4=88.9 
70 450 O2=3, N2=85, 
H2O=6.5, CO2=5.5 
2.4 1300 
HM15 H2=11.1, CH4=88.9 70 450 
O2=3, N2=85, 
H2O=6.5, CO2=5.5 
4.8 1300 
 
